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An improved differential inverter 




The invention relates to an improved differential inverter as described in the 



preamble of Claim 1 , 



Inverters are very useful electronic devices embedded in both analog and 



digital circuits. In CMOS technology the inverters architecture is very simple as shown in 
5 Fig. 7. The inverter in Fig. 7 comprises a transistor pair, said transistor pair comprising a p- 
type MOS transistor (Tl) coupled to a n-type MOS transistor (T2). The transistors are drain 
to drain coupled, their control terminals Gl and G2 being connected to each other. In a digital 
application a binary input signal (Vin) is applied to tihte traiisistors control terminals (Gl, G2). 
At an output of the inverts is obtained an output signal (OUT) having one of the possible 

10 binary values, i.e. either logical 1 or logical 0, said output signal (OUT) being substantially 
180 degree phase-shifted versus the input signal. In linear applications a feedback resistor (R) 
is connected between the transistors drains and the transistors grids. In this way a stable 
operating point for the transistor pair is obtained. For this application an important parameter 
is the transconductance gm of the transistor pair. Mathematically the transconductance could 

IS be expressed as in relation (1 ). 



In relation (1) p is a parameter dq)CTLding on geometrical properties of the transistors i.e. it's 
width (W) and it's length (L). Vgs is a voltage between the grid and the source of the 
transistor. Vth is a threshold voltage i.e. the voltage required for the transistor to turn on and 
20 to conduct a drain current. Vth also depends on the technology. From relation (1) results that 
the transconductance gm could be controlled by controlling one or a combination of the 
parameters p, Vgs, Vth- In applications where a supply voltage for the transistor pair is 
relatively low e.g. 0.5 V it is necessary to obtain an as large as possible gm in applications 
like buffering and oscillation generation. 



gm = P(Vos-V™) 



(1) 



25 



In US-A4,387,349 is considered an inverter used in a crystal oscillator for 
generating an oscillation. The crystal oscillator disclosed in this patent is realized using a 
CMOS transistor pair comprising a p-type transistor coimected to a n-type transistor. The 
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grids of the transistors are coupled via a capacitor. Each of the grids is fiirther coupled to a 
reference voltage generator for biasing the transistor pair in class B. In oscillators this could 
be a suitable solution for biasing but when linear applications are considered the buffer must 
be biased in class A for providing a maximum linearity. A suitable inverter suitable for both 
linear applications and oscillation generation could be therefore realized ia a device having 
different reference voltages, reference voltages depending on the type of the application i.e. 
linear or oscillation generation. This solution increases the complexity and cost of the circuit. 
Furthermore in differential ^plications where two transistor pairs are used, it is desirable that 
both transistor pairs have substantially equal characteristics as e.g. gm and DC operating 
point. This is technologically impossible to be obtained with a fix bias and could result in a 
differential stage that does not work prop^ly. That is why it is desirable to have biasuig for 
transistor pairs used in differential applications for both linear applications and oscillations 
generation. 



It is therefore an object of the present invention to provide an improved 
CMOS inverter suitable for differential applications. 

In accordance with the invention this is achieved in a device as described in 
the preamble of Claim 1 being characterized in that it further comprises a controlled bias 
generator generating the second vector of input signals in response to a bias control signal 
which is generated at an output of a voltage divider coupled to the differential output of the 
differential inverter said bias control signal being indicative for a DC voltage of the of the 
differential output. 

A differential inverter has two output terminals for generating the first output 
signal and the second output signal that are substantially in anti-phase i.e. phase shifl;ed with 
180 degrees to each other. Two resistor means equal to each other e.g. in the snnplest way 
simple resistors are connected in series to each other between the output terminals. Because 
the first and the second output signals are in anti-phase an AC voltage measured in the 
connection point of the two resistor means would be substantially zero volt. In the same time, 
a DC voltage measured in the same point would be substantially an average of the DC 
voltages of the outputs of the inverter. A DC voltage difference between the two outputs is 
sensed and a bias control signal is generated. The bias control signal is inputted to a 
controlled bias generator, said controlled bias generator generating the second pair of input 
signals comprising a first control signal and a second control signal. The first control signal 
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and the second control signals are DC voltage signals controlling the differential inverter La 
such a way that a DC difference between the first output signal and fihie second output signal 
is as small as possible, ideally zero. 

In an embodiment of the invention the differential inverter comprises a first 
transistor pair and a second transistor pair each of the transistor parrs comprisrag a n-type 
MOS transistor coupled to a p-type MOS transistor via a drain to drain coimection, the n-type 
transistor having a first control temunal for receiving a component of the second vector of 
input signals via a third resistor means and the p-type transistor having a second control 
terminal for receiving a component of the second vector of input signals via a fourth resistor 
means. 

In another embodiment of the invention the control bias generator comprises a 
first CMOS inverter coupled to a second CMOS iaverter and to a third CMOS inverter, the 
first CMOS inverter receiving the bias control signal and generating a variable control signal 
proportional to the bias control signal to be inputted in the second CMOS inverter and in the 
third CMOS inverter, the second CMOS inverter and the third CMOS inverter generating the 
second vector of input signals in response to the variable control signal. When the bias 
control signal is substantially half of the supply voltage the first control signal is a voltage 
higher than half of a supply voltage and the second control signal is lower than half of the 
supply voltage. The tiiird and the second control signals determines the Vqs voltages of the 
transistor pairs in the differential inverter that further determines the gm parameter of the 
transistor pairs as results firom relation (1). 

In an embodiment of the invention any of the CMOS inverters included m the 
controlled bias generator comprises a pair of p-type MOS transistor coupled to n-type MOS 
transistor said transistors having different geometrical properties. If a MOS transistor pair is 
realized with matched transistors the output DC voltage is, ideally, half of the supply voltage. 
A drain current of a MOS transistor depends, in a first approximation, on the geometrical 
properties of the transistor as in equation (2). 

111 equation (2) Id is the drain current, k depends on the technology used, W is 
a width of the transistor and L is a length of the transistor, the other symbols being as in 
equation (1). A geometrical parameter that could better define the geometrical properties of 
the MOS transistors is their area, i.e. A=W*L. In a specific technology one of the area 
parameters is maintained constant for all the transistors e.g. L, while the other is modified 
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e.g. W. Using this procedure transistors could be obtained having different electrical 

characteristics as it is indicated in relation (2). 

In another embodiment of the invCTition it is presented a differential oscillator 

comprising an improved differaitial inverts, said differential oscillator having a LC tank 
5 circuit coupled between the differential output terminals of the improved differential inverter, 

the differential output termiual being cross-coupled to the differential input. 

In oscillation applications it is desirable to use as efficient as possible the 

power supply source especially when relatively low voltage e.g. 0.5 V battery operating 

circuits are considered That is why in these applications the classical oscillator circuits 
10 cannot be used. Because of the technological imperfections the DC output of the transistor 

pairs is not half of the supply voltage and tiie transistor pair does not provide a high gm and 

either the oscillator does not start it's oscillation or the oscillation is not symmetrical. The 

oscillator of the present invention has a bias that is continuously adapted to the variations of 

the DC operating point of the transistor pairs. 
15 The above and other features and advantages of the invention wiU be apparent 

firom the following description of the exemplary embodiments of the invention with reference 

to the accompanying drawings, in which: 



20 Fig. 1 depicts a block diagram of an improved differential inverter according 

to the present invention. 

Fig. 2 depicts a detailed diagram of a transistor pair included in the differential 
inverter according to the present invention. 

Fig- 3 depicts an embodiment of the controlled bias generator according to the 
25 present invention. 

Fig. 4 depicts an embodiment of an inverter included in the controlled bias 
generator according to the invention, 

Fig. 5 depicts a block diagram of an oscillator using the improved differential 
inverter according to the invention, 
30 Fig. 6 depicts a detailed diagram of the oscillator according to the invention 

Fig. 7 depicts a CMOS inverter as known in the art. 
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Fig. 1 depicts a block diagram of an improved differential inverter according 
to the present invention. The improved differential inverter 100 comprises a differential 
inverter 30 having a differential input for receiving a first vector of signals comprising a first 
input signal DINl and a second input signal DIN2. The improved differential inverter 100 
further comprises a differential control input for receiving a second vector of input signals 
said vector comprising a first a first control signal DCl and a second control signal DC2. The 
improved differential inverter has a differential output for transmitting a third vector of 
differential signals said vector comprising a first output signal OUTl and a second output 
signal OUT2. 

The improved differential inverter 100 fijrther comprises a controlled bias 
generator 10 generating flie second vector of input signals comprising a first control signal 
DCl and a second control signal DC2. Said second vector of signals is generated in response 
to a bias contxjl signal Cin. The bias contix)l signal is obtained in a coupling point P of a first 
resistor means Rosl to a second resistor means Ros2 substantially equal to the first resistor 
means Rosl . An end of the first resistor means Rosl and an end of the second resistor means 
Ros2 are coupled to tiie differential output. If we note the DC voltage of tiie signal OUTl as 
Vi and the DC voltage of flie signal 0UT2 as V2 the DC voltage measured in tiie point P is 
(Vi + V2)/2. It should be pointed out here that because an AC component of Vi is 
substantially in anti-phase with an AC component of V2 die AC component in tiie voltage 
measured in point P is substantiaUy zero. Ideally VI equals tiie voltage V2 and V2 equals half 
of the supply voltage of the transistor pair. In tiiis situation the DC voltage measured in point 
P is half of the supply voltage. In a real circuit tiiere is a difference between Vi and V2 die 
DC voltage measured in the point P being either above or below half of the supply voltage. 
This determines the controlled bias generator 10 to provide a second vector of input signals 
for conti-olling tiie bias of the differential inverter in such a way tiiat tiie tiransconductance of 
the differential inverter 10 is as high as possible. 

Fig. 2 depicts a detailed diagram of a tiansistor pair included in the differential 
inverter according to the present invention. The differential inverter 10 comprises a first 
transistor pair and a second transistor pair. Each of the tiansistor pairs comprises a n-type 
MOS transistor T2 coupled to a p-type MOS tiansistor Tl via a drain to drain connection. 
The n-type transistor T2 has a first contax)l terminal G2 for receiving tiie second contiol 
signal DC2 via a third resistor means Rl. The p-type transistor Tl has a second contiol 
terminal Gl for receiving the first contiol signal DCl of the second vector of input signals 
via a fourth resistor means Rl . The third resistor means Rl and the fourth resistor means R.1 
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couple the gates of the traasistors to the first control signal DCl and to the second control 
signal DC2 respectively. The first control signal is lower than half of the siq)ply voltage Vdd 
and the second control signal DC2 is higher than half of the supply voltage Vdd . Capacitors 
CI are used to de-couple the AC current components fix>m DC current conq)onents and miist 
have a much lower impedance value than the parasitic input capacitance of the transistors. 

Fig. 3 depicts an embodiment of the controlled bias generator 10 according to 
the present invention. The control bias generator 10 comprises a first CMOS inverter 1 1 
coupled to a second CMOS inverter 12 and to a third CMOS inverter 13. The first CMOS 
mverter 1 1 receives tiie bias control signal Cin and generates a variable control signal VR to 
be inputted in the second CMOS inverter 12 and in the third CMOS inverter 13. The second 
CMOS inverter 12 and the third CMOS inverter generate the second vector of input signals 
DCl, DC2 in response to the variable control signal VR. 

Fig. 4 depicts an embodiment of an inverter included in the controlled bias 
generator 10 according to the invention. Any of the inverters included in the controlled bias 
generator comprises a pair of CMOS transistors Ti' and T2' connected drain to drain. Theur 
controlled terminals i.e. gate terminals are also connected to each otiier. The transistors are 
characterized in that they have different geometrical properties i.e. they have different areas 
Al and A2, respectively. Normally the length L of the two transistors is equal to each other 
while their width W is different. In this way the DC operating point e.g. their drain currents 
depend on the geometrical properties of the transistors as results firom relation (2). In the 
situation when the drain currents are equal to each other i.e. the transistors have equal areas 
the DC voltage measured at their drain terminals is half of the supply voltage, otherwise the 
DC voltage depends on a ratio of the areas of the transistors. 

Fig. 5 dqpicts a block diagram of an oscillator 400 using the inq)roved 
differential inverter 100 according to the invention. The differential oscillator 400 conq)rises 
an improved differential inverter 100, said differential oscillator 400 having a LC tank circuit 
401 coupled between the differential output temiinals of the improved differential inverter 
100, the differential output terminal being cross-coupled to the differential input With this 
circuit a periodical waveform is generated. The LC tank circuit 401 determines the oscillation 
fi«quency of the oscillator 400. In relatively low voltage supply appUcations e.g. 0.5 V it is 
very important that the oscillator provides as much as possible energy at it's output in order 
to use the supply source as efficient as possible. The efficiency is substantially maximal 
when a DC voltage at any of the oscillator outputs is half of the supply voltage when 
anusoidal oscillation is considered. Sinusoidal oscillation is necessary especially in 
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applications as e.g. mixers in transceivers. In applications where the physical conditions are 
not so tight e.g. in quartz based oscillators the differential control input terminals of the 
dififerential invCTter could be connected to fixed voltage terminals e.g. the reference terminal 
and the power supply terminal as in US-A-4,095,195. This solution is not suitable for a LC 

5 oscillator working at relatively low supply voltage because if technologically the transistors 
included in a transistor pair are not substantially identical to each other the oscillation could 
not start. In the present application, even if the transistors are not technologically identical to 
each other the controlled bias generator provides the proper DC bias signals for the 
transistors in response to the control Cin signal and the oscillation starts easily. 

10 Fig. 6 depicts a detailed diagram of the oscillator 400 according to the 

invention. In Fig. 6 the building blocks previously described are identified in dotted lines. 
The dififerential inverter 30 is realized with a first pair of transistors Ml, M2 and a second 
pair of transistors Ml ' and M2'. The third resistor means Rl couples the gates of the 
transistors either to the fiurst control signal DCl or to the second control signal DC2. The first 

15 control signal is lower than half of the supply voltage Vdd and the second control signal DC2 
is higher than half of the supply voltage Vdd . Capacitors CI are used to de-couple the AC 
current components firom DC current components and must have a much lower value than the 
parasitic input capacitance of the transistors. The inverters 11, 12 and 13 are realized with the 
transistor pairs (Tl', T2'), (Tl", T2") and (Tl'", T2'") respectively. Each of the transistor 

20 pairs included in the inverters comprises transistors having different area. 

It is remarked that the scope of protection of the invention is not restricted to 
the embodiments described herein. Neither is the scope of protection of the invention 
restricted by the reference numerals in the claims. The word ^comprising' does not exclude 
other parts than those mentioned in the claims. The word 'a(n)' preceding an element does 

25 not exclude a plurality of those elements. Means forming part of the invention may both be 
implemented in the form of dedicated hardware or in the form of a programmed purpose 
processor. The invention resides in each new feature or combination of features. The term 
'grid' and *gate' refer to the control input of a MOS transistor. 



